Background: Limited information is available from longitudinal studies regarding the predictors and incidence of MCI in older Asian adults. Thus, a community-based longitudinal study was conducted to determine the incidence of MCI among multi-ethnic older adults in Malaysia. The role of health and lifestyle as predictors of MCI was also examined. Methods: Analysis of data obtained from the Towards Useful Aging (TUA) study (2014)(2015)(2016), wave 1 (baseline) and wave 2 (1½ years of follow-up) was conducted. For the baseline, comprehensive, interview-based questionnaires were administered to 1227 subjects who were 60 years old and above. MCI is a unique transitional state between normal ageing and dementia. MCI characteristics include a decline and disturbance of cognition, minimal impairment of complex activities, ability to perform regular daily functions, and absence of dementia. The incidence of MCI was assessed using comprehensive neuropsychological batteries. The study then performed a logistic regression analysis to examine the effect of each possible predictor of MCI. This analysis began with univariate analyses and a separate review of the effect of every variable. Binary logistic analyses followed hereafter.
Background
MCI is distinct from dementia, in which the latter is defined as the extent of cognitive decline that affects daily function while the functional activity remains intact [1] . The degree of decline in cognition ranges from MCI and age-related cognitive decline to severe dementia, such as Alzheimer's disease. The decline in cognition is known to be multicausal, with MCI not necessarily progressing to dementia in all cases. MCI have mainly been evaluated through the neuropsychological testing of the aforementioned skills over varying time frames. However, MCI contributes minimally to the pathological changes associated with Alzheimer's disease [2] .
In older adults, MCI has been observed to be one of the causes of increased risk of mortality and morbidity around the world. Furthermore, it is significantly taxing to the affected individuals, the people caring for them, and society as a whole [2] . A study involving caregivers reported that strong cultural and spiritual beliefs influence the management of behavioural and psychological symptoms in people with dementia [3] . An ageing population coupled with latelife MCI raise the costs for individuals and society. The causes of this problem, however, remain unclear [4] . MCI has also been linked to an increased risk of dementia, the development of comorbid diseases, and increased rates of mortality and hospitalisation in older adults [5] .
A few cross-sectional studies have reported an increase in the prevalence of MCI among older Asian adults [6, 7] . However, limited information is available from prospective studies about the incidence rate and associated risk factors of MCI. Molecular chaperones such as cellular stress biomarkers in blood will reflect the degree and extent of brain damage, thus providing a useful tool for the diagnosis, prognosis, and early treatment of Alzheimer's disease [8] . Hypertension or high blood pressure has consistently been found to be the most associated health risk factor for MCI [9, 10] . Other factors associated with increased risks of MCI include diabetes mellitus [11, 12] and current-smoking status [13] . In terms of psychosocial issues, MCI has been consistently associated with depression [14] [15] [16] . Another study showed that a higher risk of depression among single (unmarried, divorced, and widowed) than married elderly [17] . Hence, being recently single might lead to feelings of isolation and loneliness, which could lead to mental [17] . However, there have been inconsistent findings on the relationship between MCI and living alone [2] .
Moreover, increased participation in cognitive enhancing activities in later life is associated with a reduced risk for MCI [18] [19] [20] . Preliminary evidence has suggested that physical activity [21, 22] and other leisure activities (e.g., religious services, club membership, gardening, or painting) [18, 23] are positively associated with the preservation of cognitive function. Most Malaysians are not active, and only a small percentage participate in regular and adequate physical activity [24] . The prevalence of physical inactivity among Malaysian men is 37% [25] . Health-promoting strategies that increase awareness, knowledge, skills and motivation related to physical activity are required [26] .
Furthermore, a diet high in vegetable intake and low in saturated fats has also been linked to a lower risk of MCI [2] . However, there is an inconsistent association between the intake of vitamins C, B12, and E and MCI [27] . A cohort study illustrated that the Mediterranean dietary patterns lowered the rate of MCI among 3790 older adults [28] . Furthermore, another cohort study with 3054 subjects indicated that individuals who have healthier diets (whole grain, vegetables, fruits, fish, fresh dairy products, legumes, vegetable fats, and breakfast cereals) exhibit better cognitive function than subjects who have a lower intake of healthy diets [29] .
It is expected that Asian countries will go through a rapid rise in their ageing populations compared to developed countries [30, 31] . Nevertheless, there is little information available about the risk factors and the incidence rates of MCI. In fact, some local studies showed that risk factors for MCI may be different among older multi-ethnic Asian adults in Malaysia. Differences may also be caused by geographical background, age, study methodology and the definition of decline in cognitive function [32] . Predictors of MCI among older men in Malaysia were married status, lack of exercise, overweight and hypercholesterolemia [33] . Another cross-sectional study indicated that higher fasting blood sugar, hyperlipidaemia, disability, lower education level, lack of regular involvement in technical-based activities and limited use of modern technologies were risk factors for MCI. The same study found that lower intake of fruits and fresh fruit juices and a failure to engage in calorie restriction were among the risk factors of MCI among older adults in Malaysia [34] . This information is vital for developing public health strategies that will promote healthy longevity. Thus, the aim of this study was to obtain an estimate of the incidence rate of MCI and to determine possible MCI predictors among older multi-ethnic Asian adults in Malaysia during a 1½-year follow-up.
Methods

Study design and participants
As reported in an earlier report, 2322 older adults consisting of 1208 women and 1114 men were enrolled via a multistage random sampling process.
These participants came from four states that represent the southern, northern, central, and eastern regions of Malaysia and that have the highest population of older adults [35] . Inclusion criteria were individuals aged 60 years and above with no known dementia or any other psychiatric problems, no severe vision or auditory-related difficulties and minimal functional limitations (not wheel-chair bound or bedridden). Participants were excluded from the study if they had documented evidence of psychiatric disorders. Those participants with the Malay-Mini Mental State Examination (M-MMSE) score of 14 and below were excluded because this indicated moderately severe or severe cognitive impairment. In this study, we selected participants who did not have MCI during baseline. The incidence of MCI referred to MCI development during the 1½-year follow-up, which included having no dementia. Out of the total population, 1447 participants had a successful follow-up after 1½ years (response rate 62.3%). After the 1½-year follow-up, 55 participants had died, and 820 participants refused to be reassessed or refused to undergo neuropsychological testing. Of the participants who went through the follow-up, the analysis included 1227 participants (no MCI at baseline) (Fig. 1) . This study was approved by the Research Ethical Committee of the University Kebangsaan Malaysia (LRGS TUA-NN-060-2013). Furthermore, written information was provided, and written consent was obtained from all participants.
Data collection
Participants underwent interviews by trained enumerators who utilised a structured questionnaire at their respective community centres. The questionnaire consisted of 8 items: socio-demography, neuropsychological and psychosocial functions, lifestyle, dietary intake, anthropometry, blood pressure, physical fitness and functional status. Measurement of all the outcomes was performed at baseline and during the 1½-year (18 months) follow-up period. The factors evaluated were lifestyle (nutrition, smoking, social, physical and mental activities, and physical performance), cognitive functions (assessed with cognitive batteries that include M-MMSE, Digit Span, Montreal Cognitive Assessment (MoCA), Rey Auditory Verbal Learning Test (RAVLT), Digit Symbol, Visual Reproduction Test (VR-I Fig. 1 Illustration of the number of participants from baseline to the 1½-year follow-up for MCI incidence and VR II)), and medical conditions. Because these factors could be dependent on an individual's cognitive status, participants were stratified at baseline based on the MCI status.
Incidence of MCI
The incidence of MCI referred to MCI development during the 1½-year follow-up of the participants who did not exhibit MCI at the baseline.
i) MCI
Participants were classified as having MCI if they satisfied the criteria set by Petersen [36] and Lee et al. [33] , which included no evidence of dementia, objective memory impairment (at least 1.5 SD below the mean for either RAVLT or digit span), subjective memory complaint by caregivers or participants, no limitations experienced in basic activities of daily living (ADL), preserved global function evidenced by M-MMSE score of ≥19, and no or extremely minimal difficulties in instrumental activities of daily living evidenced by a score of ≤1.5 SD from the mean norm.
Possible predictors of MCI
As previously stated, a few variables were studied [34, 35] . Possible predictors of MCI (Table 1) were explained in previously published literature [36] .
Statistical analyses
The calculation of the cumulative incidence of MCI was performed by dividing the number of new MCI cases during the follow-up period by the number of at-risk participants in the population at the start of the study. The calculation of the incidence rates of MCI was performed by dividing the number of new MCI cases by the total person-time that was detected between the two evaluations. The number of at-risk participants and total person-time referred to participants with no MCI specifically at baseline (e.g., no MCI, no cognitive impairment and no dementia). The characteristics of the participants were presented using descriptive statistics and were based on the MCI status at 18 months. Those studies have a population with mean μ and standard deviation σ and take sufficiently large random samples from the population with replacement; then, the distribution of the sample means will be approximately normally distributed based on the central limit theorem [37] . Descriptive statistics were used in the analysis of demography, nutritional status, health conditions, neurocognitive, lifestyle and dietary intake assessments. The characteristics of the participants were presented using an independent t-test for numerical data and a χ2-test for categorical data. Quantitative data were expressed as the means ± S.D. According to various categorical variables, the Pearson χ2 test was used to compare differences based on the MCI status at 18 months. Dietary intake assessment for men and women was analysed using an independent t-test, which was carried out to compare mean differences in dietary intake based on the MCI status at 18 months. Identification of the variables that had significant relationships with the incidence of MCI was performed using logistic regression analysis. This process begins with univariate analyses, where the effect of each variable is separately reviewed. It is then followed by binary logistic analyses. The dependent variable used was the MCI status group at 18 months, with no MCI (0 -no MCI, 1 -MCI) as the reference variable. For each model, all the covariates (sex, age, and total educational years) were taken as control variables. Significant values were specified at p < 0.05. Other variables which were not significant were also considered as independent variables in the binary logistic analysis, if they were reported as predictors of MCI based on previous literatures.
Binary logistic analyses were performed in two stages. For the first stage, all the significant variables in the univariate analysis were classified into five different groups as follows: socio-demography and nutritional status, fitness, dietary intake, quality of life, and lifestyle. Next, separate binary logistic analyses were conducted for the five models. Variables that appeared significant (p < 0.05) in each binary logistic model were selected to be entered in the final binary logistic model. It should be useful to implement the analysis with a bivariate model among significant variables. However in certain case, few variables which found to be non significant such as "attending or organizing parties" [38] and "gardening or rearing animals" [39] has been included in the analysis because they have been reported as protective factor against MCI based on previous literature. Only the final model was shown in this article ( Table S1a to S1e show the five models of the binary logistic analysis.
Results
In this study, 1227 (84.8%) out of the 1447 participants were living on their own and did not have MCI at baseline (Table 2) . After conducting the 1½-year follow-up for those who did not have MCI at baseline, 986 (80.4%) remained without MCI, 179 (14.6%) developed MCI, and 62 (5.1%) had incomplete data. In this group, the 1½-year cumulative incidence of MCI was 14.6%. The observed incidence rate was 10.5 per 100 person-years. As stated in Table 2 , those in the MCI group were significantly (p < 0.05) older (69.2 ± 5.9 years old) than participants who did not have MCI (68.1 ± 5.8 years old). Generally, men had a significantly higher risk (p < 0.05) of developing MCI (17.6%) than women (13.2%). The MCI group had significantly (p < 0.05) lower education attainment (16.9%) than the non-MCI group (10.9%). The non-MCI group had higher scores in the Rey Auditory Verbal Learning Test Delayed Recall (RAVLT DR), (40.2 ± 10.3 vs 36.1 ± 8.4) and Rey Auditory Verbal Learning Test Total Learning (RAVLT BL), (41.1 ± 9.8 vs 37.3 ± 8.3) (p < 0.05 for both parameters) than the MCI group, respectively. In addition, the non-MCI group reported significantly higher mental activity scores (13.6 ± 4.7) than the MCI group (12.4 ± 4.2) (p < 0.05).
These analyses were focused on determining participants' nutrient intake per day and fulfilling the percentage of Recommended Nutrient Intakes (RNIs) for Malaysia according to sex. Analysis of nutrient intake was conducted separately for men and women participants because their energy and nutrient requirements differ. Tables 3 and 4 show the nutrient intake of men and women, respectively, as compared to the RNIs for Malaysia. Table 3 shows that the nutrient intake at baseline did not differ significantly between men with and those without MCI at 18 months. However, thiamine intake was significantly higher in women who did not have MCI (1.2 ± 2.5 mg/day) compared to women who developed MCI at 18 months (0.8 ± 0.9 mg/day) (p < 0.05) ( Table 4 ).
The findings revealed that among men with and without MCI at 18 months, the mean energy and nutrient intakes were below the RNIs for Malaysia, except for vitamin C, protein, and thiamine (Table 3) . Furthermore, among men with MCI at 18 months, the mean intake of iron and vitamin E met the RNIs, while iron and vitamin E intake among those without MCI at 18 months was below the RNIs. On the other hand, among women with and without MCI at 18 months, the mean energy and nutrient intake were below the RNIs, except for vitamin C, protein, riboflavin, vitamin E, and iron (Table 4) .
The binary logistic regression models were stratified for non-MCI at baseline, with potential confounders and predictors defined as independent variables (Table 5 ). Based on the binary logistic regression analysis that was conducted for non-MCI subjects during baseline, male sex (adjusted OR = 1.854; CI = 1.287-2.672; p = 0.001) had a significant relationship to MCI during the follow-up. Furthermore, a greater number of mental activities (adjusted OR = 0.936; CI = 0.897-0.977; p = 0.002) reduced the risk of MCI among persons who did not have MCI at baseline. Other variables did not exhibit any significant relationship with MCI in this study.
Discussion
In the Asian region, the prevalence of MCI in older adults has mostly been described in cross-sectional studies. However, there is very limited available information on the incidence of MCI in prospective studies [6] . Based on the results of this study, the incidence rate of MCI was 10.5 per 100 person-years for older adults who did not exhibit MCI at baseline. This rate was higher compared to previous reports in China (i.e., 2.3% per year) [41] , Italy (i.e., 2.15 per 100 person-years) [42] and Hong Kong (i.e., 6.37 per 100 {women}) [6] . Nevertheless, one should note that the incidence rates obtained in the studies conducted in Hong Kong, Italy, and China were measured at 3, 3.5 and 5 years of follow-up, respectively, while the present study reported results from a 1½-year follow-up period. A longer time frame for the follow-up needs to be established so that the trend for the incidence rate of MCI can be better determined. Discrepancies in the cognitive incidence rate could be attributed to several variations, including follow-up time, geographic settings, age of participants, data collection, method and sample size, operational definition of cognitive decline, and the cognitive batteries utilised [4] .
In general, the results of this study suggest that lifestyle (mental activities) and sex were vital MCI predictors among multi-ethnic Asian populations. Among older Malaysian adults, mental activities were found to be predictors of MCI, an observation that was also made in an earlier study [34] . Compared to women, the present study observed that men had twice the risk of MCI. This result coincides with the results from the Sydney Memory and Ageing Study [4] , which reported that men had higher MCI incidence rates, as observed in 889 community-dwelling individuals aged 70-90 years after a 2-year follow-up period. According to another longitudinal study that was conducted among older Italian adults, the global incidence rates of MCI among men were not shown to be lower than those in women [42] . Among men, the risk of cognitive impairment was increased with poor social support and divorce status [6] . Another study [43] reported that sex-related differences in exposure of social activities may influence in mental status [44] . Consequently, a study conducted among older Chinese adults in Hong Kong revealed that being female was an independent factor related to cognitive impairment [6] . It has also been reported that loss of work-related roles (due to retirement or job loss) threatens the mental health of men more than the mental health of women [45] . Furthermore, men are likely to experience more distress than women after losing a spouse, mainly due to their lack of social networks and support and the burden of having to perform domestic tasks [46] . Living alone is also especially damaging to men [47] . These are possible explanations for the findings of our study.
In this study, the specific domain of the lifestyle related to mental activity had an inverse relationship with MCI. For participants who did not have MCI at baseline, increasing mental activity by one unit lowered the risk of cognitive decline by 10% during the 1½-year followup. These results coincide with previous studies [48] [49] [50] , showing that a boost in mental activities such as doing jigsaw puzzles, playing chess, reading magazines, newspapers, and books, watching television, and playing cards were associated with delays in the development of MCI and decline in cognitive function. Similarly, according to a longitudinal study conducted in Switzerland, increased involvement in mental activities (listening to the radio, watching television, reading books, newspapers, or magazines) was observed to slow the decline in cognition [51] . According to another study [49] , mental activity is related to enhanced memory, language, executive function, and cognitive skills and reduced perception of speed reduction [51] . Thus, any mental activity that includes the process of thinking and attention control could maintain or even increase the brain reserve even in advanced age [52, 53] Furthermore, reports from systematic reviews that encompass both intervention and observational studies revealed that increased mental activity protects cognitive function [18] . Frequently engaging in mental activity may contribute to functional and structural neural reorganisation, which [40] lowers the vulnerability of neurons to destruction from Alzheimer's disease-related pathology [49] . It has also been stated that constant engagement in mentally stimulating activities promotes stability or improves cognitive performance [52] . Furthermore, it has been observed that mental activities increase cellular activity and cerebral blood flow in the brain and also increases the metabolic rate of two vital brain networks that regulate the connectivity of higher order cognitive control processes [54] . In the current study, it was determined that being involved in mental activities (e.g., utilising modern technology) protects against the incidence of MCI among the 1227 older adults who did not have MCI at baseline. This result agrees with the study performed among 2611 individuals in the Chinese community in Singapore, which found that increasing mental activity by activities such as listening to music and reading is associated with decreased risks of cognitive decline [55] . Moreover, an RCT observed that cognitive functions of older adults who attended computer classes were positively affected [56] . Improved cognition has also been associated with mental activity engagement among older males in China [39]. In a similar manner, a prospective study conducted with 469 older adults with no dementia found that being involved in cognitive stimulation activities (e.g., playing board games) served as protection against the onset of dementia [57] . This mental stimulation process could have a role in maintaining cognition [58] . The current study possesses several strengths. First, this study utilised six domains for the measurement of cognitive function (M-MMSE, Digit Span, MoCA, Digit Symbol, VR-I and VR II, and RAVLT) based on their categorisation of cognitive decline. Second, lifestyle-related factors (smoking, nutrition, physical performance, physical, mental, and social activities) were also assessed for their role as predictors of MCI. Third, this present study is classified as a longitudinal study that has a large sample size. However, there are some limitations that can affect studies that evaluate the incidence and predictors of MCI. First, there is the short follow-up period in our longitudinal study. Future studies will require a longer follow-up period to better assess the incidence of MCI. Second, there is a lack of a specific tool for MCI diagnosis, especially in subjects who refuse to answer survey questions. The other limitation is that the heterogeneity of samples also affects our longitudinal study due to differences in origins, locations and cultures.
Conclusion
To conclude, among the older adults in Malaysia, the incidence rate of MCI was 10.5 per 100 person-years for individuals who did not have MCI at baseline. Being male and having less engagement in mental activities were determined to be MCI predictors among participants who did not have MCI at baseline. After a short follow-up period, the high incidence rate observed for MCI is indicative of the need to implement a holistic approach. However, these findings offer preliminary support for intervention studies in the future that will work towards the optimisation of the cognitive health of older adults. Furthermore, effective preventive management strategies need to be formulated to slow the rate of cognitive decline leading to the occurrence of MCI among older adults.
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